BACKGROUND/OBJECTIVE: Imaging methods by magnetic resonance imaging are being increasingly used to quantify visceral adipose tissue (VAT), but there is no clear consensus as to a standardized protocol. We compared the ability of two commonly used imaging protocols (multiple slice versus single slice) to detect changes in VAT with diet or exercise. SUBJECTS/METHODS: We utilized data from the participants who completed our diet (n ¼ 22) or exercise (n ¼ 35) based weightloss interventions. The intervention mainly comprised of weekly dietary modification sessions or aerobic exercise sessions over 12 weeks. Multiple-slice images obtained from T9 to S1 and a single-slice image at L4-L5 were compared using the effect size of the VAT change. In addition, we calculated the sample size needed to compare the two imaging protocols' ability to detect significant changes in VAT. RESULTS: VAT and subcutaneous adipose tissue volumes and areas, and other anthropometry decreased significantly after both the diet and exercise interventions. For VAT, a single-slice image had a lower effect size (diet: 1.23; exercise: 0.49) than the multipleslice images (diet: 1.81; exercise: 0.90). The sample size required for multiple slice was substantially lower than for the single-slice with both weight-loss interventions. CONCLUSIONS: The different image protocols may lead to different results in relative VAT changes. Furthermore, single-slice imaging required a substantially larger sample size than multiple-slice imaging, and for researchers to detect smaller changes in VAT with single-slice imaging, a larger sample size would be needed. Thus, multiple-slice imaging has advantages for assessing VAT change in future clinical research.
INTRODUCTION
The amount of abdominal adipose tissue in an individual has an important role in the pathological pathways involved in various diseases such as insulin resistance, type 2 diabetes mellitus and cardiovascular disease.
1,2 Therefore, there is an increasing need to accurately detect excess adiposity, particularly the increased deposition of visceral adipose tissue (VAT), which is important when determining the relationship between metabolic diseases and VAT among the overweight and obese.
There are many approaches currently available for measuring VAT in humans. Computed tomography and magnetic resonance imaging (MRI), in particular, have become generally accepted modalities for assessing regional adipose tissue. Several studies 3, 4 have described a number of MRI protocols for assessing adipose tissue, including whole body, multiple-slice imaging and singleslice imaging at a predetermined area of the abdomen. Although a single-slice image is commonly used to quantify a person's VAT, and it is less costly and time consuming than other imaging methods, there is still no consensus on a standardized protocol and the accuracy of using the L4-L5 measurement site for quantifying VAT.
Several measurement approaches have been used in a variety of studies. 5, 6 There are also reports that point out the need for VAT volume evaluation using multiple-slice images, because errors incumbent with the evaluation of a single-slice MRI image are likely to expand in interventional research such as weight-loss studies. 7, 8 Thomas et al. 9 reported that a single-slice image may not be accurate and also indicated that the single-slice image assumes a uniform distribution of VAT within the abdominal cavity in all individuals. However, this study included only 17 lean, healthy and premenopausal women whose intervention comprised only exercise, and the authors suggested that their findings required further investigation in other populations with different adiposity levels and racial backgrounds. Examining obese individuals would be critically important because almost all weight-loss programs are implemented in obese populations. Furthermore, our ongoing research evaluates the relationship between single-slice imaging and total VAT and subcutaneous adipose tissue (SAT) volume. 10, 11 We concluded that the area 5-6 cm above L4-L5 is a better predictor of VAT volume than the cross-sectional L4-L5 image, and it changes with diet and exercise. This is similar to the results of previous studies. Although this upper measurement site best approximates VAT volume, it is still unknown whether it has clinical applicability.
Thus, the main purpose of this study was to compare the clinical abilities of two commonly used imaging protocols (multiple slice versus single slice) for detecting changes in abdominal adipose tissue after diet or exercise in obese men. A better understanding of this issue will help researchers in selecting the best MRI protocol when assessing VAT change and apply it to clinical and public health settings.
MATERIALS AND METHODS Participants
We used data from the participants who completed our diet (n ¼ 22) or exercise (n ¼ 35) based weight-loss programs conducted in 2009 and 2010. The participants were recruited through local newspaper advertisements and study flyers. The participants were selected on the basis of the following eligibility criteria: (1) aged 30-65 years, (2) a body mass index 4 25 kg/m 2 according to the domestic obesity guideline 12 and (3) not on any medications known to affect fat metabolism or weight regulation. We fully explained the purpose and the design of the study to all the participants before they gave their written informed consent. These research protocols were approved by the institutional review board and met the standard of the Declaration of Helsinki.
Intervention programs
The dietary program consisted of weekly, group-based, 90-min instructional sessions for 3 months and individual counseling by trained staff from August to October 2009. Each session included 30-90 min educational lectures to help establish low-calorie diets and eating behaviors. We instructed them to consume a well balanced 1680 kcal diet per day based on the Four-Food-Group Point Method. 13 The exercise program consisted of 90-min aerobic exercise sessions three times per week for 3 months, from July to October 2010. Each exercise session began with 15-30 min of warm up activities, followed by 30-60 min of brisk walking and/or mild jogging performed outdoors and concluded with 15-30 min of cooldown activities.
Activity energy expenditure and energy intake Total energy expenditure, physical activity energy expenditure and step counts were assessed with a validated uniaxial accelerometer (Lifecorder; Suzuken Co. Ltd, Nagoya, Japan) for at least 2 consecutive weeks before and during the interventions. Detailed descriptions of the accelerometer have been published elsewhere. 14 Total energy intake in kilocalories were assessed by both 3-day weighed dietary records and dietary recall interviews for each participant, performed by skilled dieticians. The dieticians conducted additional interviews if they needed to elicit more information about an individual's food intake for the 3-day period. We recorded dietary intake before and at weeks 9-10 of the interventions. We analyzed the dietary data using commercially available computer software (Excel Eiyo-kun, Kenpakusha, Tokyo, Japan).
Magnetic resonance imaging
We performed MRI scans at baseline and repeated the same measurements in the same order on each participant who completed the diet or exercise intervention. We instructed the participants not to wear any metal objects during the MRI measurements and to refrain from eating or drinking for 2 h prior to the measurement. Abdominal MRI was conducted at the Tsukuba medical center hospital using a previously described protocol. 11 The slice thickness was 10 mm, and the images were obtained from the ninth thoracic vertebra (T9) to the first sacral vertebra (S1). The images were retrieved from the scanner according to a Digital Imaging and Communications in Medicine protocol. Each image was segmented and quantified using image analysis software (SliceOmatic, Tomovision Inc., Montreal, Canada). The model and method employed to segment the various tissues is fully described and illustrated elsewhere. 15 Depending on the height of the person, we obtained a total of 27-37 axial images per person with an average of 35 images. Image locations were defined relative to a common anatomical landmark of the L4-L5 intervertebral space. The areas (cm 2 ) of SAT and VAT in each image were computed automatically by summing the adipose tissue pixels and multiplying the number of pixels by the individual pixel size. The technical errors for two readings of the same scan by the same observer for SAT and VAT volumes in our laboratory were 1.23% and 2.27%, respectively (n ¼ 82). For this study, we chose the single-slice image located 5 cm above L4-L5 to compare to the single-slice image at the level of L4-L5, which is the traditional site of origin, because our previous studies showed the þ 5 cm site to be most closely associated with VAT volume. 10, 11 Furthermore, results from our previous studies for the areas 6 and 5 cm above L4-L5 were almost identical (data not shown).
Anthropometry
Body weight was measured to the nearest 0.05 kg using a digital scale (WB-150; Tanita, Tokyo, Japan), and height was measured once to the nearest 0.1 cm using a wall-mounted stadiometer (YG-200; Yagami, Nagoya, Japan). Body mass index was calculated as the weight (in kilograms) divided by height (in meters) squared. The abdominal circumference was measured in the standing position directly on the skin surface at the level of the umbilicus. The abdominal circumference measurements were taken in duplicate to the nearest 0.1 cm, and the averaged value was used for the analysis.
Statistical analysis
Values are expressed as the mean ± s.d. Paired Student's t-test was used to compare values before and after the program. We have reported in our previous studies that the measurement sites with the highest correlation between adipose tissue and adipose volume are 5-6 cm above L4-L5. Therefore, we also included this measurement site in our analysis. We calculated effect sizes to compare the abilities of the two MRI protocols to detect changes in abdominal adipose tissue as follows:
where t is t-test and n is the number of participants (data). We calculated sample size using the G*Power 3 analysis program. 16 A scale for effect sizes has been suggested by Cohen, 17 with 40.8 reflecting a large effect, 40.5 a moderate effect and 40.2 a small effect. We also computed the sample size needed to detect a significant change in abdominal adipose tissue with a matched set to achieve 60, 70, 80 and 90% conditional powers. This allowed us to evaluate the superiority of the two protocols. The data were analyzed using SPSS version 13.0 for Windows package (SPSS Inc., Chicago, IL, USA). A statistically significant level was set at Po0.05.
RESULTS
In the diet group, there were no significant changes in the daily total energy expenditure (pre: 2530 ± 290 kcal/day, post: 2492±266 kcal/day, P ¼ 0.320), physical activity energy expenditure (pre: 356±168 kcal/day, post: 358±131 kcal/day, P ¼ 0.960) or number of steps (pre: 8646 ± 2907 kcal/day, post: 9028 ± 2352 kcal/day, P ¼ 0.300). In contrast with the diet group, the exercise group had significant increases in the daily total energy expenditure (pre: 2428 ± 326 kcal/day, post: 2670 ± 345 kcal/day, Po0.001), physical activity energy expenditure (pre: 276±154 kcal/day, post: 489±169 kcal/day, Po0.001) and number of steps (pre: 7059±3293 kcal/day, post: 11 313± 3291 kcal/day, Po0.001). Only the diet group had a significantly reduced total energy intake (pre: 2303 ± 648 kcal/day, post: 1556±253 kcal/day, Po0.001) compared with the exercise group (pre: 2144±582 kcal/day, post: 2177±324 kcal/day, Po0.982). VAT and SAT volumes, VAT and SAT areas, and other anthropometry measures were significantly reduced with both the diet and exercise interventions ( Table 1) .
If VAT volume as measured by the multiple-slice imaging protocol is taken as the true value, we can calculate and compare the conditional powers and sample sizes. Table 2 presents the sample size needed to detect a significant abdominal adipose tissue change simulated with our longitudinal data. For example, when the conditional power is 80% and the significant level (a-level) is assumed to be below 0.05, the multiple-slice image has the highest effect size, 1.81 (diet) and 0.90 (exercise). Also, the required sample size with multiple-slice imaging is substantially Conditional power refers to the probability of rejecting a false null hypothesis. A high conditional power requires a larger sample size than a low conditional power. Cohen's effect size scale is generally accepted, whereby 0.2 is indicative of a small effect, 0.5 of a medium and 0.8 of a large effect size.
lower than with a single-slice image, particularly at L4-L5. However, a single-slice image taken 5 cm above L4-L5 has an almost identical required sample size as multiple-slice imaging for the diet and exercise interventions. Similarly for SAT, the sample sizes must increase the most with a single-slice image at L4-L5 (requested sample size: 7 (diet), 22 (exercise)) versus multiple-slice image.
We also compared variability between multiple-slice and singleslice images at two positions in VAT and SAT, as in Figure 1 . There were some individual variations, with the single-slice image leading to an increase in data scattering, particularly at L4-L5. Moreover, the magnitude of the percentage changes appears to be related to the protocol used to assess adipose tissue. This tendency is more apparent in VAT than SAT.
DISCUSSION
A few studies 8, 18 have suggested that a single-slice image is less accurate and it may not be suitable for detecting VAT change in interventional studies. Our results also show that single-slice images have a weaker ability to detect VAT changes than multipleslice images and a single-slice image needs a larger sample size to determine VAT changes than multiple slices. However, we found that using a single-slice image at 5 cm above L4-L5 has a much greater detecting power for estimating VAT changes than a singleslice image at L4-L5.
Similar to our results, Kanaley et al. 18 suggested that the number of MRI slices analyzed yields different results relative to the VAT distribution by MRI protocol used. This may cause misleading results when determining the amount of VAT loss that occurs with an intervention. In addition, Thomas and Bell 9 demonstrated that the wrong conclusion may be drawn when using a single-slice image compared to multiple-slice images of the abdomen. They considered the ability of each protocol to detect changes in VAT with a 6-month exercise intervention. They saw a significant reduction in VAT with both multiple-slice images ( À 23.8±20.0%; Po0.01) and a single-slice image ( À 22.1 ± 37.2%; Po0.05); however, they reported that there were some individual variations in the s.d. of percent change, and these results suggest that the use of a single-slice image can lead to inconsistencies in the estimation of VAT, which in turn can affect data interpretation. Although s.d. is an index indicating errors, comparing multiple s.d. values is not possible. Therefore, we used the effect sizes to examine the degree of difference between the two protocols in detecting a change in abdominal adipose tissue with weight loss. Furthermore, we confirmed the difference in the degree of weight loss using two common weightloss interventions (diet and exercise). Table 2 shows an example of the sample size required using our longitudinal data. Our results suggest that if researchers were to measure VAT change using the two imaging protocols, a singleslice image would require a 1.6-(diet) to 2.9-fold (exercise) larger sample size than multiple-slice images. Furthermore, if they were to try to detect smaller changes in VAT, an even larger sample size would be needed. These results signify that when measuring results from an exercise intervention, a much larger number of participants is needed, and the cost and time expended for measurements have an even larger role in the study parameters. Thomas et al. 9 also suggested that a single-slice image may require a larger cohort of subjects to detect statistically significant changes (it is not calculated), which is consistent with our present study. As clinical research is costly and requires tremendous human resources, it is advantageous to be able to detect significant changes with fewer samples, saving time and money.
Another important finding of the present study is the inefficiency of using a single-slice image at L4-L5 for detecting changes in VAT. Although our previous study indicated that a single-slice image 5-6 cm above L4-L5 is better for measuring VAT volume, we have not established its effectiveness for clinical research. According to our sample size calculations, a longitudinal study on VAT determination measuring single-slice images 5 cm above L4-L5 needs 6 participants for a diet study and 18 participants for an exercise study. Similarly, for measuring SAT, a single-slice image 5 cm above L4-L5 needs 7 participants and 38 participants, respectively. We confirmed that there was no great difference between VAT volume and the measurement taken 5 cm above L4-L5 using the necessary sample size (Table 2) . Although the physiological reason for differences between single-slice images remains unclear, it may be due to individual differences in VAT distribution. Lee et al. 19 reported that measurement site substantially influences interindividual differences of abdominal VAT and SAT quantities. They suggested that once the anatomic regions that define the depots are established, multiple-slice imaging would be the recommended method to accurately measure their respective volumes. Interindividual differences in VAT distribution has also been reported in a longitudinal interventional study, 20 which examined the effects of diet or diet plus resistance training on regional variation of abdominal VAT and SAT loss. This study suggested that resistance training, a hypocaloric diet and/or combined interventions may alter adipose Figure 1 . VAT (top) and SAT (bottom) distribution of VAT volume and areas of single slice images from 58 obese men. The data show participants distributed according to their percent change in adipose tissue. For example, when percent change of VAT volume is À 40%, a single-slice image 5 cm above L4-L5 shows À 42%, and at L4-L5 it is À 26%. This distribution appears to be independent of a participant's adiposity and differently pronounced for both areas at 5 cm above L4-L5 and L4-L5.
tissue metabolism and regional VAT depot loss, possibly by mobilizing free fatty acids from the VAT at different regions of the abdomen. They concluded that different weight-loss regimes may lead to different distributions of VAT. Considering their results, a single-slice image may further expand the variability of VAT change in response to diet or exercise interventions. Another possible reason for the variation may be associated with the constant movement of the intestine or omentum. Furthermore, the error produced by organ movement is likely to be greater with a small VAT change.
In conclusion, taken together with the previous referenced studies, multiple-slice images may be better for studying VAT changes in clinical trials as they require fewer subjects to detect a significant VAT change. However, if a clinical study designed to measure VAT is dependent upon participant numbers and cost effectiveness, then it would be helpful to use a single-slice image 5 cm above L4-L5 rather than the traditional site of L4-L5.
